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Background: Traumatic injury of the thoracic aorta is a life-threatening complication in patients who sustain deceleration
or crush injuries. The magnitude of force necessary to cause blunt thoracic aortic injury results in a high proportion of
concomitant injuries, posing a significant challenge for prioritizing management. Open surgical mortality is increased in
the presence of coexisting head, lung, and abdominal injuries. Spinal cord ischemia may occur following aortic
cross-clamping and operative hypotension. Endovascular stent-graft placement offers a safe, effective, and timely
treatment option. The aim of this study was to assess our single center experience of endovascular repair following acute
blunt traumatic aortic injury.
Methods:Data from thirteen consecutive patients (mean age, 43.2 years; range, 16 to 84 years) with acute blunt traumatic
aortic injury treated by endovascular stent-graft insertion between October 2001 and March 2007 was prospectively
collected. Demographics, injury characteristics, technique, and complications were recorded. Follow-up data consisted of
computed tomographic angiography and plain chest radiography at regular intervals. Mean and median follow-up after
stent-graft implantation were 28.9 and 29 months, respectively.
Results: All patients underwent endovascular repair within a median of 9 hours from hospital presentation. Two patients
underwent carotico-carotid bypass immediately prior to endovascular stenting during a single anesthetic. Stent-graft
implantation was technically successful in all patients. No patient required conversion to open surgical repair of the acute
blunt traumatic aortic injury. Procedure-related paraplegia was zero. Complications included proximal migration of
initial stent-graft in one patient and iliac artery avulsion in another patient with consequent ilio-femoral bypass. The
median hospital stay was 17 days. There were no in-hospital deaths.
Conclusion: Endovascular repair is evolving as the procedure of choice for acute blunt traumatic aortic injury. Treatment of
lesions that extend into the aortic arch is feasible with extra-anatomical bypass. In our study, endovascular repair of blunt
traumatic aortic injury is a safe procedure with low morbidity and a mortality rate of zero. (J Vasc Surg 2007;46:920-7.)Thoracic aortic injury following chest trauma is poten-
tially life-threatening. Immediate on-scene mortality is be-
tween 80% to 90% irrespective of mechanism, be it pene-
trating or blunt trauma.1-3 Of those who survive the initial
insult, 32% die within 24 hours and 74% within 2 weeks.4
Prompt diagnosis and treatment is therefore essential.
Traditionally, surgical repair is the gold standard
method of treatment.5 However, complication rates are
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920high. In addition, the mechanism of injury involved fre-
quently results in coexisting nonaortic injuries complicat-
ing open thoracic surgery.
Controversy persists regarding the management of
acute and chronic blunt traumatic aortic injury, involving
the indications, timing of intervention, and long-term
follow-up.3,6 The purpose of this study was to assess the
feasibility and outcomes of endovascular repair of acute
blunt traumatic aortic injury (ABTAI) in a single center.
METHODS
We prospectively collected data from all patients with
an ABTAI treated in a tertiary referral center with endovas-
cular stent-graft repair between October 2001 and March
2007.
During the study interval, 13 patients with an ABTAI
treated with endovascular repair were identified. Their
mean age was 43.2 years (range, 16 to 84 years) and 11 of
the 13 patients (85%) were male.
The cause of aortic injury involved a motor vehicle
collision in 10 patients, motorcycle crash in two patients
and a fall of approximately 20 feet in the final patient.
Two additional patients presented with an undiag-
nosed chronic BTAI and treated with endovascular repair
during the study period. Both attended hospital acutely
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doaneurysm located at the aortic isthmus on radiological
imaging. A previous history of a significant chest trauma
following a road traffic accident with hospital admission
was elicited in both patients; one 30 years7 and the other 15
years previously. Due to their chronicity, these patients
were excluded from our study. A further patient died of
traumatic aortic injury on arrival to hospital. Diagnosis was
confirmed at post-mortem.
All patients were initially reviewed and stabilized by the
trauma surgery service in concordance with the Advanced
Trauma Life Support guidelines.8 Chest radiography dem-
onstrated a mediastinal abnormality in all patients. Aortic
injury was diagnosed with computed tomographic (CT)
angiography. Aortography was performed in two patients
prior to endovascular repair, as CT findings were equivocal.
Stent-graft insertion was accepted as the first-line treat-
ment option for ABTAI. The decision to treat with endo-
vascular repair is dependent upon morphology of aortic
Table I. Patient demographics
Patient Age (y) Sex Mode of injury
1 16 F RTA Pulmonary contusion
Bilateral hemothorax
Fluid in abdomen du
Pelvic and bilateral fe
2 41 M RTA Bilateral hemothorax
Multiple rib, right sc
D10 burst fracture w
3 27 M RTA Frontal lobe contusio
Bilateral hemothorax
Multiple rib fractures
Splenic laceration
Tibia and fibula fract
4 22 M RTA Right pneumo-hemo
Multiple rib fractures
Right scapula fractur
5 56 M RTA Rib fractures
6 53 M RTA Frontal lobe contusio
Bilateral hemothorax
Right pneumothorax
Multiple right rib fra
Right scapula fractur
7 42 M RTA Cerebral edema
Right hemothorax
Right tension pneum
Multiple right rib fra
8 56 M Fall D12 vertebral fractur
9 66 F RTA Right clavicular fract
10 17 M RTA Bilateral femoral frac
11 84 M RTA Temporal lobe contu
Vertebral and rib frac
Hemothorax
12 43 M RTA No additional injury
13 39 M RTA Extradural and subdu
Right hemopneumot
Multiple right rib fra
C2, T12 and pelvic f
Duodenal/adrenal an
Open femoral/extrem
F, Female; M, male; RTA, road traffic accident.injury, presence of concomitant injuries complicating openrepair, availability of stent-grafts, and the operator’s prefer-
ence. No patients underwent open surgical repair during
the study period.
Concomitant injuries were documented in 12 out of
the 13 patients with an ABTAI (92.3%) and are listed in
Table I. Patients with coexisting chest injuries had rib
fractures and pulmonary contusions (n 10). Five patients
had coexisting head injuries. Vertebral, pelvic, and extrem-
ity fractures were identified in four patients. Three patients
had additional intra-abdominal injuries: two had a duode-
nal laceration, one of which also had a renal contusion, and
one patient had a splenic contusion.
Injuries were treated in order of threat to life. Nine of
13 patients underwent treatment of acute life-threatening
injuries prior to endovascular intervention. Procedures in-
cluded chest drain insertion (n  8), intracranial pressure
bolt insertion (n 5), laparotomy (n 3), and orthopedic
intervention (n  1). Two adjunctive carotico-carotid by-
pass procedures were performed prior to endovascular re-
ditional injuries Interventional delay (h)
uodenal injury
l fractures
26
and clavicular fractures
rd trauma
10
d subdural hemorrhage 6
x 25
6
d subarachnoid hemorrhage
s
27
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ity fpair during a single anesthetic. One took place in the main
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radiology suite for stent-graft insertion; the second patient
underwent both carotid bypass and stent-graft insertion in
the interventional radiology suite. A further four orthope-
dic procedures were carried out following completion of
endovascular repair.
Endovascular stent-graft procedures were performed in
the interventional radiology suite under fluoroscopic an-
giographic control (Phillips Integris Allura, Phillips, Eind-
hoven, the Netherlands) by a team of dedicated interven-
tionalists including radiologists, and vascular and
cardiothoracic surgeons.
Four different self-expanding commercially available
endovascular stent-grafts were used: Talent LPS and Val-
iant (Medtronic Vascular; Sunrise, Fla), Excluder (WL
Gore and Associates; Sunnyvale, Calif) and Relay (Bolton
Medical; Sunrise, Fla). Informed consent was obtained for
endovascular treatment from the patient or consultant in
charge of their care.
The dimensions of the stent-graft used were deter-
mined by the anatomical configuration of the aorta as
demonstrated on contrast-enhanced helical CT images and
angiographic images. Aortic arch morphology, aortic vessel
diameter along with the length, and location of lesion all
contributed to the selection process. For optimal fixation,
all stent-grafts were oversized by 10% to 15% compared
with the aortic diameter at landing zone sites. Depending
on type of thoracic stent-graft selected, aortic diameters
were measured from outer to outer wall (Medtronic Vas-
cular; Sunrise, Fla), or inner to inner wall (WL Gore and
Associates; Sunnyvale, Calif; Bolton Medical; Sunrise, Fla)
as per recommendations published by stent-graft manufac-
turer. The younger patients within our cohort, four of
whom were under 27 years of age, had small aortic diame-
ters (18 to 20 mm). In these patients, the stent-graft size
chosen was based upon the smallest size available.
Patients were treated under general anesthesia (n 11)
Table II. Procedural information
Patient Type of access Stent type No. of stents
1 Surgical cutdown Medtronic 1
2 Percutaneous Medtronic 2
3 Percutaneous Medtronic 1
4 Percutaneous Gore 1
5 Surgical cutdown Gore 1
6 Surgical cutdown Medtronic 1
7 Percutaneous Gore 4
8 Percutaneous Gore 2
9 Surgical cutdown BVM 1
10 Percutaneous Gore 1
11 Surgical cutdown Medtronic 1
12 Surgical cutdown Medtronic 1
13 Surgical cutdown Medtronic 1
LSA, Left subclavian artery.or regional anesthesia with sedation (n 2). Lumbar drainswere not used. All patients received intravenous antibiotics
for prophylaxis prior to stent-graft deployment.
A standard angiographic pigtail catheter was inserted
via percutaneous puncture (5F) into the common femoral
artery or brachial artery to maintain vascular access and
angiographic control throughout the procedure. Surgical
exposure (n  6) or percutaneous puncture (n  6) of a
common femoral artery was performed to allow introduc-
tion of the stent-graft delivery device. One patient required
access via the left common iliac artery during explorative
laparotomy due to small caliber vessels unable to accom-
modate the stent-graft delivery device. For those patients
undergoing percutaneous repair, two Perclose suture de-
vices (Abbott Laboratories; Redwood City, Calif) were
deployed at this site using a previously described “preclose”
technique.9
Initially, angiographic evaluation of the aortic lesion
was performed using the pigtail catheter positioned in the
ascending thoracic aorta. Digital subtraction angiography
(DSA) was then used to visualize exact aortic arch anatomy,
location of ABTAI, and the location of the left subclavian
artery (LSA). Using the planned access site, a stiff wire,
either a Meier (Boston Scientific; Miami, Fla), Lunderquist
(Cook Inc; Bloomington, Ind), or Amplatz (Boston Scien-
tific; Miami, Fla), was then advanced into the ascending
aorta for guidance of the selected endovascular device.
Technical information is listed in Table II.
Prior to device insertion, eight of the 13 patients were
systemically heparinized during the procedure with a single
dose of 5000 international units of heparin; five patients
had significant head injuries contraindicating heparin ad-
ministration.
The stent-graft was then introduced and position veri-
fied by DSA immediately before stent-graft deployment. At
deployment, no pharmacological methods to reduce sys-
tolic arterial blood pressure were used. Completion angiog-
Size of stent Cover of LSA origin LSA patent
26  112 mm No Yes
28  120 mm (2) Complete No
26  115 mm Partial Yes
26  100 mm No Yes
34  200 mm Complete No
28  120 mm Partial Yes
34  200 mm Complete No
1/34/37  150 mm
28  100 mm No Yes
34  200 mm
38  145 mm No Yes
26  100 mm No Yes
34  110 mm Partial Yes
24  115 mm Complete No
24  115 mm Partial Yes3raphy was then performed in all patients to check stent-
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without evidence of an endoleak.
Two patients required carotico-carotid bypass prior to
endovascular repair. In one case, this was due to extension
of the ABTAI into the aortic arch and in the second, due to
a common origin of the LCCA and LSA. In the remaining
11 patients, two required complete coverage of the LSA
origin, and four had partial coverage with the uncovered
metal struts of the stent-graft (Talent LPS or Valiant) to
ensure optimal apposition of the stent-graft with the vessel
wall. Five patients had stent-graft implantation distal to the
LSA origin.
Persistence of blood flow within the LSA could be
observed in all patients. Of the four patients with complete
coverage of the LSA origin (two with a carotico-carotid
bypass due to LCCA and LSA coverage and two with
coverage of the LSA origin by the covered portion of the
stent-graft), blood flow to the distal LSA occurred via
retrograde filling from the ipsilateral vertebral artery.
A single stent-graft was required in 10 patients, two
stent-grafts for two patients and four stent-grafts for one
patient. This patient sustained a traumatic aortic dissection,
requiring four stent-grafts due to refilling of the false lumen
despite entry-tear coverage.
Following removal of procedural equipment, the access
site underwent either formal surgical arterial closure or
closure with the Perclose sutures in situ, if a percutaneous
technique had been used. No further anticoagulation was
administered.
Follow-up examinations were performed using contrast
enhanced computed tomography angiography at 3, 6, and
9 months after implantation. In addition, plain chest radi-
ography was performed on an annual basis to monitor for
stent fractures.
RESULTS
Endovascular repair was performed within a median of
9 hours and mean of 18.5 hours from presentation to
hospital and was technically successful in all cases. No
patient required conversion to open surgical repair of the
ABTAI. No procedure-related paraplegia or stroke oc-
curred. Procedural complications occurred in two patients.
The intraoperative and 30-day mortality was zero.
Morbidity following ABTAI occurred in 10 out of the
13 patients due to respiratory insufficiency and orthopedic
injuries requiring external fixation devices. Procedure-
related morbidity occurred in two patients as a result of
complications during stent-graft implantation.
In one patient, the external iliac artery was avulsed on
removal of the stent sheath following successful deploy-
ment of the stent-graft. Bleeding was immediately con-
trolled by the introduction of a proximal occlusion balloon
via a femoral artery and an ilio-femoral bypass was per-
formed. The patient was female with a relatively small
external iliac artery diameter. However, preprocedure CT
had demonstrated vessel diameters sufficient to accommo-
date the delivery system (7.5 mm).In a second patient, a proximal endoleak was identified
during completion angiography. The proximal stent-graft to
aortic wall seal was felt to be suboptimal due to incomplete
graft self-expansion and possible under-sizing. To rectify this,
an attempt was made to balloon this segment. On doing so,
the stent-graft itself became dislodged and migrated into the
ascending aorta proximal to the arch vessels, maintaining
supra-aortic vessel perfusion. A second graft of a larger diam-
eter was subsequently implanted in the correct position with a
good radiological result (Fig 1, a b, and c). To minimize risk of
distal migration of the initial stent-graft this was retrieved
through an ascending aortic arteriotomy via a mini-sternot-
omy incision without the need to use cardiac bypass (this
patient had a concomitant D12 vertebral fracture).
There were no cases of groin infection or hematoma.
Of the four patients with intentional occlusion of LSA
during stent-graft insertion, three experienced intermittent
symptoms of discoloration and paresthesia of the left upper
limb in the immediate postoperative period. Despite this,
none has subsequently developed vertebrobasilar or left
arm ischemia necessitating revascularisation via carotid-
subclavian bypass or transposition.
Median hospital stay was 17 days (range: 4 to 58 days).
Procedural-related morbidity did not lengthen in-hospital
stay. Both patients with procedural complications suffered
orthopedic injuries (one patient with pelvic fractures and
bilateral femoral fractures; one patient with a D12 vertebral
fracture and spinal cord injury) requiring extensive rehabilita-
tion.
During follow-up (mean: 28.9 months; median: 29
months; range: 4 to 67 months) all patients were alive
without endoleak, stent migration, stent collapse, false
aneurysm expansion, or rupture.
One patient underwent an additional surgical proce-
dure 7 months following ABTAI due to the identification
of a coexisting traumatic aortic root-right ventricular fistula
(Fig 2) identified during the endovascular procedure,
which was confirmed on transoesophageal echocardiogra-
phy. This finding has previously been reported10 following
blunt chest trauma.
DISCUSSION
Patients diagnosed with traumatic rupture of the tho-
racic aorta typically present with multiple concomitant
injuries complicating traditional surgical management.
Mortality rates for emergent open surgical repair for
ABTAI range from 15% to 30% in contemporary studies.11-13
Operative requirements including lateral positioning in pa-
tients with vertebral or spinal cord injuries (with paraplegia
rates ranging from 2.3% to 25.5%);14,15 thoracotomy and
single lung ventilation in the presence of lung contusions,
frequently (24% to 65%) resulting in prolonged respiratory
insufficiency and infectious complications;2,16,17 and finally
high level systemic heparinization in those with multiple
concomitant injuries, all increase the risk of morbidity.
The development of endovascular techniques has led to
a number of small studies examining the technical feasibility
and outcome of endovascular repair in ABTAI.18,19 The
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rates in comparison to open surgical techniques advocating
its use.20 Despite this, endovascular treatment for trauma is
Fig 1. A 56-year-old male with an acute blunt trau
angiography demonstrates a pigtail catheter traversing th
during stent-graft deployment. A guidewire with an unde
b, Aortography demonstrates migration of the deployed
c, Supra-aortic vessel perfusion is seen. A second undep
ready for deployment.logistically as well as technically challenging requiring ex-peditious imaging, multidisciplinary input, and an available
stock of equipment.
Standardized sizes of thoracic stent-grafts are currently
aortic injury following a fall from height. a, Aortic
t subclavian artery (LSA) allowing angiographic control
d stent-graft is positioned at the level of the LSA origin.
-graft to a position proximal to the supra-aortic vessels.
stent-graft is inserted and positioned at the LSA originmatic
e lef
ploye
stent
loyedavailable for emergencies; however, these sizes remain lim-
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ing trauma in comparison to those with degenerative aortic
disease, the tighter curvature of the aortic arch and smaller
caliber of both the aorta and iliac arteries present significant
challenges to the design and engineering of current stent-
graft devices.
The tighter curvature of the aortic arch affects endovascu-
lar repair in two ways. The anatomical angulation may be too
acute to accommodate stiff wires such as theLunderquist. The
lack of degenerative vascular disease elsewhere allows alterna-
tives such as the Amplatz wire to be used without difficulty.
Second, the tight curvature increases the risk of an inadequate
proximal seal. Concern centers on the longitudinal flexibility
of the semi-rigid stent-graft design. As a result, many stent-
grafts are not flexible enough to conform to an acutely angu-
lated distal aortic arch and proximal descending aorta. Such an
inability to gain optimal apposition with the vessel wall may
lead to the development of an endoleak or “wind sock” effect
Fig 2. A 16-year-old female with an acute blunt traumatic aortic
injury. Early perfusion of the pulmonary arteries is seen during
aortography secondary to a traumatic aortic root-right ventricular
fistula which was repaired electively 6 months following injury.promoting distal migration.21With the smallest aortic stent-graft in manufacture
measuring 22 mm (Bolton Medical; Sunrise, Fla), signifi-
cant over-sizing occurs in young patients with smaller
aortic diameters. Case reports have highlighted that over-
sizing can result in stent-graft collapse – a complication
which resulted in the voluntary withdrawal of the Gore
TAG endoprosthesis in 2001.22-24 This alone may compli-
cate endovascular repair as an acute treatment option.
The majority of patients sustain ABTAI located within
the proximal descending segment, with 90% to 95% at the
aortic isthmus.25 Cover of the LSA origin may therefore be
necessary to lengthen the proximal neck sealing zone.
Despitemany studies reporting LSA origin coverage during
endovascular repair, it is not without complication.26 Con-
sequently, if time permits, optimal preprocedural work-up
should include Duplex assessment of the extra-cranial cir-
culation to ensure antegrade blood flow in the right verte-
bral artery. In the presence of retrograde flow, it would be
prudent to perform left carotid-subclavian bypass prior to
stent-grafting to minimize the risk of an infarct involving
the vertebrobasilar and posterior circulation.
In the absence of head injury or bleeding diathesis, all
patients at our institution undergo intra-arterial adminis-
tration of 5000 international units of heparin prior to
stent-graft insertion. During endovascular repair, the large
caliber stent-graft delivery sheath almost occludes the ar-
teries leading to the aorta. In accordance with nontrau-
matic endovascular aortic repair, the purpose of heparin
administration is therefore to prevent thrombus formation
in these arteries, in addition to the lumen of the sheath.27
This in turn will minimize the risk of embolism. During the
study, no thromboembolic complications were observed.
A major complication experienced in our cohort in-
volved iliac artery avulsion and occurred in one patient
(7.7%). This correlates with previously published litera-
ture.20,28 The delivery devices used for introduction of
aortic stent-grafts are of large profile; therefore, preproce-
dural assessment of the iliac arteries is mandatory to ensure
the vessel caliber is sufficient (minimum 7.5mm) to accom-
modate the delivery system. One possible explanation for
such a complication may involve vascular spasm secondary
to irritation of the vessel wall during guidewire and catheter
manipulation. A hypothesis based on the initial successful
delivery of the stent-graft system, followed by avulsion
upon removal, when the external iliac artery was observed
to be tightly contracted around the delivery device. This
complication is frequently observed in young females
where the vessel wall is soft and more compliant with
longitudinal pulling forces, resulting in an increased risk of
rupture. Accepting that the vessels may appear of small
caliber in the presence of hypovolemia, when measured to
be less than 7.5 mm, use of an iliac or aortic conduit may be
considered via a retroperitoneal incision.
In the event of iliac artery avulsion, insertion of a
proximal occlusion balloon via either femoral artery is a
life-saving maneuver, allowing control of hemorrhage until
ilio-femoral bypass grafting is completed. With this in
mind, it is vital that a range of stent-graft sizes is available,
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tions within the emergency endovascular setting.
The secondmajor type of complication involved proximal
migration of the stent-graft as a result of under-sizing and
ballooning of the proximal stent-graft seal. In the trauma
setting, we oversize the stent-graft used by 10% to 15% of the
diameter measured on CT imaging or aortography, as op-
posed to a 15% to 20% oversize for aneurysmal disease. This
discrepancy is due to a less aggressive approach recommended
in trauma patients, where the thoracic aorta is of normal
caliber and the intima friable following ABTAI. However in
trauma, the potential for stent-graft under-sizing is increased
due to hypovolemia causing a relatively smaller aortic caliber
and sympathetic overdrive resulting in vasoconstriction – an
observation contrasting to published reports where extensive
over-sizing (50%) has been noted as a potential complica-
tion.29 These factors all need to be considered when selecting
an appropriate stent-graft. At our institution, ballooning is
reserved for malposition or type 1 endoleaks to minimize the
risk of further aortic injury, which could result in catastrophic
retrograde dissection.
Long-term follow-up remains necessary to assess both
stent-graft durability and progression of aortic disease. With a
younger population involved in trauma, follow-up protocols
may need refinement to minimize risk of radiation exposure.
Current recommendations involve annual plain chest radiog-
raphy combined with interval CT scanning to monitor for
stent fractures and endoleaks from the day the stent-graft is
inserted. Consequently, cumulative radiation exposure is po-
tentially hazardous.Although theusage of endovascular stent-
grafts in ABTAI offers significant advantages, further develop-
ment into smaller sizes, lower profiles and stent-grafts that
generate fewer artefacts during magnetic resonance imaging
assessment would be beneficial.
CONCLUSION
Endovascular repair is rapidly becoming the procedure
of choice for ABTAI. Even in the presence of extension of
injury into the aortic arch, endovascular management re-
mains a feasible option with extra-anatomical bypass. As a
less invasive therapeutic option to standard surgical tech-
niques, it is highly advantageous for polytrauma patients.
Procedure-related morbidity remains low with no pub-
lished case of paraplegia in trauma. In those patients with
few concomitant injuries, such a procedure could also allow
earlier ambulation post trauma and a reduction in hospital
stay. In the absence of long-term follow-up regarding
stent-graft durability and in those patients requiring defin-
itive open thoracic surgery, endovascular repair could act as
an intermediate measure until the patient is stable enough
to undergo such a procedure.
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